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SUMMARY 
by I,. M. Alekseyeva 
ti B. A. Tverskoy 
The theory of convective phenomena i n  geophysics and aeronomy is  consi- 
dered i n  t h i s  paper i n  general ,  with two examples given, f o r  the Earth 's  
mantle and the Ear th ' s  magnetosphere. 
phenomena is considered and it is shown tha t  the convective mixing does not 
a f f e c t  the d i s t r ibu t ion  of f a s t  pa r t i c l e s  i n  the rad ia t ion  b e l t s ,  
* *  
The ro le  of the ionosphere i n  these 
A 
* 
Numerous problems of i n s t a b i l i t y  theory of mechanical equilibrium may 
be reduced t o  the following general problem: fo r  small departures of a cer- 
ta in  parameter of system x from the equilibrium value x = 0 there  emerge two 
forces of d i f f e ren t  nature:  one, s t ab i l i z ing ,  tends t o  decrease the def lect ion,  
the o ther ,  des tab i l iz ing ,  tends t o  increase i t .  
may be described according t o  the Maxwellian scheme, expressed by equations 
The relaxat ion of both forces 
( in  rapid processes f1 .2 -x ,  and i n  slow ones it is -cat). The decrements 61 
and ti2 a re  determined by the law of forces '  re laxat ion,  and the frequency $2 
and the increment K a r e  determined by the solut ion of  the problem about small 
perturbations taking in to  account f l  and f 2  separately without re laxat ion.  
As a r u l e ,  parameters 6 , ,  g 2 ,  R and K admit i n  each concrete case a simple 
estimate of the order of magnitude. 
speaking, functioiials of the s p a t i a l  s t ruc ture  of per turbat ions.  
In case of continuum they a re ,  generally 
Postulating f i ,  fz - we obtain the cha rac t e r i s t i c  equation 
p3 + cilp' + urp + a3 = 0 (2)  
with rca l  coef f ic ien ts  01 = 61 + 8.; (12 = 6162 -/- 9' - x', a3 = Q'6i - x2&. After 
mn'its c r i t e r i o n ,  the necessary and su f f i c i en t  condition €or negativeness 
of the rea1 pa r t s  o t  polynomial (2) ' s roots  with real coef f ic ien ts  is t h e  simul- 
taneous fu l f i l lment  of inequal i t ies  u1a2 - u3 > 0; u3 > 0. 
(*) K TEORII  KONVEKTIVNYKH YAVLENIY V GEOFIZIKE I AERONOMII 
2 
Therefore, the system considered is  found t o  be s t ab le  when 
O f  pa r t i cu la r  i n t e re s t  f w  cer ta in  applications is the case when Q3'->x2,  
i .e. a t  rapids s h i f t s  the s tab i l iz ing  force exceeds considerably the destabi-  
l i z ing  one. 
For a ce r t a in  cor re la t ion  of decrements 6, and 6 2  the  s t a b i l i t y  condition 
One may determine the increment of the emerged ins tab i -  (3)  may be disrupted. 
l i t y  from the solut ion of the cubic equation ( 2 ) .  
t h i s  equation have the form 
For 61,62<52 the  roots of 
pi = 4 6 2  - (a, - 62)x2/52?] ,  p2, p3 = - [a, - ( 6 2  - 61)X2/Q2] / 2  t iQ. 
When there  is  a sharp difference of decrements 6, and 6,, the  system 
may r e s u l t  t o  be unstable. 
higher order magnitudes 
For &((dl w e  have with a precision t o  small 
Thus, when tlie s t ab i l i z ing  force rclaxes subs tan t ia l ly  f a s t e r  than the 
des tab i l iz ing  one, the s t a b i l i t y  of the slower solut ion may be disrupted. 
In t h e  opposite case of a rapidly relaxing destabi l iz ing force the s t a b i l i t y  
disrupt ion is possible a t  rapid osc i l la t ions .  
Let us consider two examples. As is  w e l l  known, the Earth 's  mantle may 
be considered as  f l u i d  only qui te  conditionally. However, the c r i t e r i o n  of 
thermal convection occurrence i n  the mantle has the  same form as in  a f l u i d  
as  w i l l  be shown with the a i d  of (4) (see, f o r  example, Section 56 of [ l ] ) .  
The elastic forces a r i s ing  i n  the mantle a t  displacement's deformations are 
described i n  a ce r t a in  approximation by the Maxwellian law. 
r a c t e r i s t i c  dimension of the considered area,  we have 522 fi: (2n)*n12/ Z?, where 
uL is the vclocity of the transverse sound. The dccrement 6 ,  == l / ~ ,  where 
T LS the  r c l m a t  ion time of displncive tensions. 
If I is  the cha- 
'lhc &\stabil izing forcc i s  the Archimedes' force. For small shifts of 
an clemciit of voliunc w i t h  dimcnsioiis - 1  this force F - R P ~ P I \ ~ S " I J ,  
the g r w i t a t  ion accelerat ion,  6 is tlic volumetric coef f ic ien t  of thermal ex- 
pansion, p is the densi t y ,  V l  is tlic temperature gradient.  Hence 
where M - pL3 is the mass of volume's element. The relaxation time of the 
Archimedes' force is determined by the heat  conduction t i m e  'CT - P I X ,  where 
x is the tliennal d i f fus iv i ty  coeff ient .  
wherc g is 
K ~ = F / M x  .= gf3 IVTl,  
c 
111 this case we may c o n s i d t ~  that Q > z x  and for  su f f i c i en t ly  grcat  
, &.. 0 , .  From (4) w c  obtain thc I‘ollowing condition of convection occur- 
l’e11L-e : 
gf313f i l ’Jx i~ \~  gP1”STJXv > (’, 
where 6T - LVT, and C is a cer ta in  dimensionless constant defined by problem’s 
gcometqv. We took in to  account tha t  according t o  the theory of the f l u i d  [ Z ] ,  
the kinematic viscosi ty  is  Y = ul.”Z. Therefore, the consideration of the pro- 
blem of convective i n s t a b i l i t y  on the bas i s  of the above developed ideas leads 
t o  t h e  same re su l t s  as does the purely hydrodynamic solution: the occurrence 
of convection is  determined by the value of the dimensionless Rayleigh number 
gFL36T / xv. For the determination of the  minimum value of C ,  a t  which convec- 
tioii sets in ,  the solut ion of the boundary value problem is evidently required. 
Another example resides i n  the magnetoconvective i n s t a b i l i t y  of the Earth’s 
magnetosphere. As i s  wc11 hnown, there takes place near the surface bounded by 
the l i n e s  of force,  ;I sliarp pressure d i f f e ren t i a l  of cold plasma with the equa- 
t o r i a l  d r i f t i n g  from the center  of the llarth M 4a (a, being the radius of the 
Earth) [ 3 ] .  Had there been no ionosplierc, convective i n s t a b i l i t y  would then 
appear [ 4 1 .  The increment may be estimated from the following considerations. 
k t  1 be the width of the region of pressure’s drop i n  the equatorial  plane. 
sure p(x) w i l l  d i f f e r  from t h e  interrial pressure p by the quant i ty  
where function U = - J dl/ l l  rcpresents the volume of the tube of force of a 
uni tary magnetic f lux  taken with inverse sign. 
external  and in te rna l  magnetic f i e l d  w i l l  then cons t i tu te  
For & adiabat ic  s h i f t  of the tube-groove in to  ph t e point x, the external pres- 
- 
( V P  + Y P V U  I U)X, 
The difference between the 
( V p  + ypVU I U)4nx I H .  
A push-out force I: = - 1 V H  w i l l  a c t  upon the un i t  of volume of the d i s -  
placed tube, where I is the diamagnetic moment o r  the uni t  of volume of matter 
I = ( v p i- y p  v u 1 u) x 1 f r .  
Hence 
x2 = P 1 pa: = ( V p  + yp V U I U )  I VII I 1 H p .  
In thc rcyion of  s i g n i  r imi t  drop o r  prcssurc 
V p m p / l > y p Q U I U ~  YPlL,  
which allows us t o  consider tha t  
The clastic force is conditioned by the f a c t  t ha t  the ends of the l i nes  
of force a re  frozen in to  a dense conducting ionosphere. 
l a t te r  as ideal ly  conducting and so l id ,  the pressure d i f f e ren t i a l  is  found t o  
be steady 141.  
ing, and the damping time of currents i n  a l a  er of thickness h ’L 100 km for 
a rea l  ionosphere conductance, 
is r e l a t ive ly  small. 
I f  we consider the 
r t  is apparcntly iiiorc material  tha t  it is  not ideal ly  conduct- 
u % lo8 - 10‘ sec-‘ , T = 4xoh2/ c2 M Io“ -+ 10:j see, 
4 
In the given case the frequency of elastic osc&ations of field's tube 
of force is determined by the Alfvdn velocity H / J4w and the length L of 
the line of force 
(6) Q? = nil' I pLZ, 
whereupon H and P should be taken, as in (S), near the summit of the line of 
force. 
If we ne lect the diffusion of particles across the lines of force and 
consider that 
pression for the development-time of large scale grooves' instability* 
2 = 0, we shall obtain from ( 4 ) ,  (5) and (6) the following ex- 
where we postulated Vi[= I 1  / L. The dimensionless constant C' is determined 
by a more detailed accounting of geometry. 
no more than one order. 
Apparently C' differs from 1 by 
Therefore, the devcloDment time of convective instability with a scale 
Note that this time increases very 
This is why a sharp pressure 
-1  must constitute % 100 - 1000 days (if we postulate p 
11 % 5 - 
rapidly as 1, decreases (it decreases as L-7, where L is the distance from the 
center of the Earth in the equatorial plane). 
differential is considered quite regular. 
dyne/cm2, 
gauss,u = 10' - lo9 sec-'). 
At the same time it should be pointed out that the convective mixing does 
not in any way influence the distribution of fast particles in radiation belts 
since the drift velocity of these particles exceeds by many orders of magni- 
tude the rate of convection. 
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